Introduction: Outcome reporting of intra-articular calcaneal fractures is inconsistent.
Introduction
Outcome reporting in randomised controlled trials and meta-analysis of intra-articular calcaneal fractures is inconsistent. Various outcome scores are applied by different research groups. [1] [2] [3] Consensus on one outcome scoring system for the assessment of outcome in displaced intra-articular calcaneal fractures would aid in the comparison of results of multiple studies with comparable methodologies, and combining different smaller prospective trials into a meta-analysis. 4 5 Patient-based outcome scores can be divided into two groups. The first group consists of the generic instruments such as the Short Form 36, Visual Analogue Scales and other quality-of-life scores, which look at a wide variety of general health issues. 6 7 The second group consists of disease-specific instruments, which focus on patient perception of one specific condition, for example calcaneal fractures. 6 Prior to implementation scoring systems should be tested for reliability (e.g.:
internal consistency, test-retest, intra-observer and inter-observer agreement), validity (e.g.: content, construct, and criterion), and responsiveness. 8 9 Few scoring systems in foot and ankle surgery have been tested for reliability and validity after they were developed. 9 The aim of this study was first to identify widely accepted outcome scores used in intra-articular calcaneal fractures in the literature and their individual items. The reliability (internal consistency) and validity (content, construct, and criterion) of three most cited outcome scoring systems was then determined in a cohort of patients with a displaced intra-articular calcaneal fracture.
Patients and methods

Literature search
A literature search was conducted in the electronic databases of Embase, Cochrane
Library and Pubmed using the following search-terms and Boolean operators:
'calcaneus' OR 'os calcis' OR 'calcaneum' OR 'calcaneal' AND 'fracture' up to December 2006. Articles were requested at the university medical (internet) library and were reviewed by two authors (TS and MH). An article was found eligible when it concerned the treatment of patients with intra-articular calcaneal fractures.
Additionally a comprehensive search of reference lists of published articles and review articles was conducted to find additional studies. The applied outcome scoring systems were extracted from all these articles. In determining reliability and validity we restricted the next analysis to the three most frequently cited widely accepted outcome scores.
Patients
After exclusion of patients (25 percent) who had demised (n=2), were emigrated (n=4), had an unknown address (n=5) or already had a secondary arthrodesis performed (n=5), a total of 48 patients with 59 displaced intra-articular fractures of the posterior facet of the calcaneus were surgically treated in our level- In addition to the three different outcome scores, patient satisfaction with the overall outcome was assessed with a single-question Visual Analogue Scale (VAS) analysed on a scale of 100 millimetres (mm). 12 Zero mm represented no satisfaction at all and 100 mm was scored if patient satisfaction was excellent. 12 There is no consensus or gold-standard scoring system in foot and ankle surgery to date.
Correlations between foot-ankle related outcome scores and the more generic health
Medical Outcome Study Short Form-36 show moderate coefficients. 13 14 . We therefore chose to use the single-question Visual Analogue Scale (VAS) to measure overall patient satisfaction with treatment result, which has been shown a moderate correlation with the SF-36 and a good correlation with the disease-specific outcome (Rowe) score in patients with a calcaneal fracture. 12 15
Statistical analysis
The statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) version 12.0 (SPSS, Chicago, IL, USA). Correlations were considered statistically significant with a p-value of < 0.05.
-Reliability
To determine reliability of the three outcome scoring systems the internal consistency as represented by the Cronbach's alpha, was calculated. 8 Another aspect of reliability is whether the scoring system measures the full range of the disease or complaints. 17 The incidence of minimum (floor; zero points) and maximum (ceiling; 100 points) scores was calculated for all used outcome scores.
A score with low floor and ceiling effect, below 10 percent, can differentiate better between patients at the high and low end of the outcome scoring system.
-Validity
Content validity determines if the domain of interest is comprehensively sampled by the items, or questions, in the instrument (i.e. scoring system). 18 Two means of determining content validity exist: piloting the instrument with representative respondents or item selection by expert panels. 19 Therefore the outcome scores were broken down into their individual items to determine the frequency with which these items were used. These individual items of available outcome-scores in the literature were selected by expert panels. The most frequently used items are expected to have the largest content validity. The following four items, determined at physical examination, were added: the range of motion of the ankle and subtalar joint, heel width (in mm) measured from the plantar side at the level of both malleoli, calf circumflex 15 cm beneath the knee joint (in mm) and the ability to walk on heels and toes were measured (yes/no).
Construct validity shows whether the items and outcome score measure what they should measure. All individual scoring items of the three most frequently used outcome scores and additional frequently used individual items were correlated with the total result of the three scoring systems and the VAS. The Spearman rank correlation coefficient was used for this 'item versus total score correlation'.
Criterion validity is the correlation between the developed score and an accepted validated score. 17 The total scores of the scoring systems were correlated with patient satisfaction (VAS) as a measure of criterion validity. The 'indication for an arthrodesis' was used as an alternative measure of criterion validity. This indication was defined as a persisting, deteriorating limitation in daily activities due to pain at the level of the subtalar joint, with a positive, pain relieving effect of a Lidocain ® injection into the subtalar joint. 20 21 Patients who had already undergone a secondary arthrodesis were deliberately excluded prior to the study, because of the low reliability of retrospective assessment of the clinical status before the secondary arthrodesis with an outcome scoring system.
22
The odds ratio per unit of the total score with 95% confidence interval (CI) was calculated for the dichotomous outcome variable 'indication for an arthrodesis (yes/no response)'. This correlation gives information on the predictive value of the entire score in predicting the secondary arthrodesis.
The Spearman rank correlation coefficient was used for testing relationships between the VAS and the total score of the three scoring systems and also for the correlation between the three scoring systems. To determine paired differences between the three most cited scoring systems the Wilcoxon signed rank test was used.
Results
Literature search
In 195 studies (30%) a total of 34 outcome scoring systems were identified ( Table 1) .
The three most frequently cited outcome scores were the American Orthopaedic Foot and Ankle Society Hindfoot score (AOFAS), 23 the Maryland Foot Score (MFS) 10 and the Creighton-Nebraska score (CN) 24 . A total of 49 different subjective and physical exam items were extracted from 26 outcome scores; a median of 6.5 items per outcome scoring system.
Reliability
The Cronbach's alpha coefficient, as measure of the internal consistency, was 0.78 for the AOFAS, 0.82 for the MFS and 0.61 for the CN score.
The ceiling score was encountered in 8% for the AOFAS and the CN, 0% for the MFS and 13% for the VAS. The floor effect was seen in 0% for the diseasespecific scores and in 2% for the VAS.
Validity
Six items showed good content validity. These items ( 
Discussion
The literature search performed in this study showed a large amount of and variation in existing calcaneal fracture outcome scoring systems. No outcome scoring system was applied in approximately 70% of the articles. The AOFAS was cited most frequently and appears to be the most widely accepted scoring system. Even though citation frequency does not necessarily reflect clinical relevance, broad acceptance of a single outcome score would facilitate comparison of multiple studies. 25 Our search represents a first comprehensive analysis of outcome scoring systems specifically used in determining outcome in calcaneal fractures in the literature, identifying thirty-four outcome scores. A restricted meta-analysis on outcome rating scales in general foot and ankle surgery showed forty-nine scoring systems, of which eighteen were cited more than once. 9 The AOFAS hindfoot score was also the most frequently applied. No scoring system in the current literature was identified as being reliable, valid or responsive. 9 An earlier attempt to identify a rational scoring system combined the four most important individual items (pain at rest, pain at activity, return to work, ambulation and walking aids) of six outcome scores (Rowe, CN, Buckley, March, Paley, MFS) into a multiple regression model and found that their Kerr-Atkins score correlated equally good with outcome with only four items, suggesting that not all scoring items contribute equally in predicting outcome. *, significant at the p < 0.001 level; ‡, significant at the p < 0.05 level.
